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CHAPTER I  
INTRODUCTION
There has been l i t t l e  re se a rc h  done on th e  se rv ic e  s e c to r  o f
th e  economy. One o f th e  main reasons i s  th e  d i f f i c u l t y  in  g a th e rin g
u se ab le  d a ta .
N e o c la ss ic a l economic th e o ry  s t a t e s  t h a t  th e  p r ic e  mechanism 
w i l l  ten d  to  push th e  m arket tow ards th e  e f f i c i e n t  a l lo c a t io n  of r e ­
so u rces in  th e  absence o f c o n s t r a in ts .  The government s e c to r  does 
n o t have t h i s  mechanism working f o r  i t  d i r e c t l y .  T h ere fo re , i t  can 
be hypo thesized  t h a t  th e re  may be a  d if fe re n c e  in  th e  p ro d u c tio n  of 
goods and s e rv ic e s  between th e  p r iv a te  and government (p u b lic )  s e c to rs  
o f th e  economy. In  o rd e r  to  e v a lu a te  th e  n a tu re  of th e  p ro d u c tio n  of 
government s e rv ic e s ,  i t  should  be d e s ira b le  to  f in d  s im ila r  p r iv a te  
s e rv ic e s  to  co rpare  w ith  th e  government p ro d u c tio n  o f s e rv ic e s .
I t  i s  th e  purpose  o f  t h i s  paper to  in v e s t ig a te  th e  n a tu re  of
th e  p ro d u c tio n  o f a s e rv ic e  p rov ided  by bo th  th e  p r iv a te  and p u b lic  
s e c to r s .  S t a t i s t i c a l l y  d e riv e d  param eters w i l l  be used to  e s tim a te  
th e  p ro d u c tio n  fu n c t io n . A hom othetic iso q u a n t p ro d u c tio n  fu n c tio n  
w i l l  be th e  type  u se d . The advantage t h i s  p ro d u c tio n  fu n c tio n  has 
over th e  more w idely  used fu n c tio n s  such as th e  Cobb-Douglas o r  th e  
c o n s ta n t  e l a s t i c i t y  o f s u b s t i tu t io n  p ro d u c tio n  fu n c tio n s  i s  t h a t  i t  
a llo w s f o r  v a r ia b le  re tu rn s  to  s c a le .
The s e rv ic e  chosen f o r  in v e s t ig a t io n  was garbage c o l le c t io n .  
The rea so n s  f o r  t h i s  cho ice  were t h a t  i t  i s  a  s e rv ic e  p rov ided  by
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th e  p u b lic  and p r iv a te  s e c to rs  and u seab le  d a ta  a re  a v a ila b le  f o r  
b o th  s e c to r s .
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CHAPTER II
METHODOLOGY
T his c h a p te r  c o n ta in s  a d e s c r ip t io n  of th e  method used to  
c o l l e c t  and p ro ce ss  d a ta  on a s e rv ic e  c a r r ie d  ou t by both  th e  p u b lic  
and p r iv a te  s e c to r s .  The s e rv ic e  chosen in  t h i s  s tu d y  was garbage 
c o l le c t io n  because th e  u n i ts  of in p u t and o u tp u t in  garbage c o l le c ­
t io n  a re  r e l a t i v e ly  easy  to  measure and i t  i s  a s e rv ic e  p rov ided  
a l t e r n a t iv e ly  by th e  p r iv a te  and p u b lic  s e c to r s .
The raw d a ta  were c o lle c te d  by sending q u e s tio n n a ire s  to  
s ix ty -o n e  garbage c o l le c to r s  in  f i f ty - s e v e n  towns in  Montana. The 
id e n t i t y  o f th e  garbage c o l le c to r s  was determ ined by look ing  in  t e l e ­
phone books and by c a l l in g  c i t y  c le rk s  in  th e  v a rio u s  towns to  in q u ire  
about who th e  l o c a l  garbage c o l le c to r s  w ere. (A copy o f  th e  q u e s tio n ­
n a i r e  can be found on p . 33») I t  was found a f t e r  co n tac tin g  c i t y  
c le rk s  in  a number o f  towns th a t  towns w ith  a p o p u la tio n  of l e s s  than  
seven hundred u s u a l ly  d id  n o t have e i th e r  p u b lic  o r p r iv a te  garbage 
c o l le c t io n .  T h ere fo re , w ith  a few e x ce p tio n s , towns o f l e s s  than  
seven hundred were n o t considered  p o te n t i a l  p ro sp e c ts  f o r  q u e s tio n ­
n a i r e s .  As a  r e s u l t  th e  q u e s tio n n a ire s  covered v i r tu a l l y  a l l  o f th e  
garbage c o l le c t io n  u n i ts  in  Montana.
Of th e  s ix ty -o n e  q u e s tio n n a ire s  m ailed , th i r ty - f o u r  were se n t 
to  p u b lic  garbage c o l le c to r s  and tw enty-seven  to  p r iv a te  c o l le c to r s .  
The p e rcen tag e  o f q u e s tio n n a ire s  re tu rn e d  was f i f ty - n in e  and fo r ty -o n e , 
r e s p e c t iv e ly .
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A ll o f th e  c o l le c to r s  to  whom q u e s tio n n a ire s  were to  be sen t 
were c o n tac ted  by phone p r io r  to  sending th e  q u e s tio n n a ire . Those who 
were rem iss in  re tu rn in g  th e  q u e s tio n n a ire s  were co n tac ted  by phone 
again  and asked to  f i l l  o u t and re tu rn  th e  q u e s tio n n a ire .
I t  could be sp e cu la te d  t h a t  c o l le c to r s  who took the  tim e to  
c o r r e c t ly  f i l l  ou t and r e tu rn  a  q u e s tio n n a ire  were th e  more e f f i c i e n t  
w e ll-o rg an ized  garbage c o l l e c to r s ,  th u s  in tro d u c in g  some non-response 
b ia s  in to  th e  d a ta .
Enough in fo rm a tio n  was given on th e  q u e s tio n n a ire s  to  ca lcu ­
l a t e  th e  wage r a t e ,  th e  p r ic e  o f c a p i t a l ,  th e  c a p i ta l  s tock  and la b o r  
f o r  each c o l le c to r .  These fo u r  p aram eters were n ecessa ry  in  th e  f i r s t  
s te p  o f th e  re g re s s io n  a n a ly s is  which w i l l  be d e sc rib ed  in  s e c tio n  I I I ,
Item  fo u r  on th e  q u e s tio n n a ire  asked f o r  th e  approxim ate 
weekly wage p e r  man and th e  number o f enp loyees. From t h i s  inform a­
t io n  an h o u rly  wage r a t e  was c a lc u la te d  by d iv id in g  th e  weekly wage 
b i l l  by th e  number o f man hours p e r  week. A lso , in  q u es tio n  fo u r th e  
c o l le c to r s  were asked to  l i s t  th e  amount o f  tim e t h e i r  eirployees spen t 
doing  work o th e r  th an  c o l le c t in g  garbage. T his tim e was su b tra c te d  
from th e  number o f man hours p e r  week when th e  wage r a te  was c a lc u ­
l a t e d ,  However, i n  m ost cases  t h i s  tim e was n o t s ig n i f i c a n t .
C a p ita l equipm ent f o r  garbage c o l le c to r s  c o n s is ts  m ainly of 
t ru c k s  and garbage p ack ers  mounted on th e  t ru c k s . Some own b u l l ­
d ozers which move garbage a t  th e  dump b u t t h i s  i s  n o t inc luded  in  
garbage c o l le c t io n .  T h e re fo re , m achinery o th e r  th an  tru ck s  and pack­
e rs  was om itted  from th e  e s tim a te  o f c a p i t a l .
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The p r ic e  o f  c a p i ta l  was determ ined as fo llow s f o r  each c o l­
l e c to r ;  a  r a t e  o f r e tu r n  was m u lt ip lie d  by th e  p r ic e  o f c a p i ta l .  
D e p re c ia tio n  was a lso  in c lu d ed  in  t h i s  r a t e  o f  r e tu r n .  I t  was found 
by c o n ta c tin g  s e v e ra l  garbage c o l le c to r s  th a t  u n t i l  worn o u t, tru c k s  
o f v a rio u s  ages a re  e q u a lly  fu n c t io n a l  a t  c o l le c t in g  garbage; th e r e ­
f o r e ,  i t  was decided  s t r a ig h t - l i n e  d e p re c ia tio n  would be used . By 
c o n ta c tin g  a lo c a l  bank i t  was found th a t  th e  r a t e  o f i n t e r e s t  p a id  
on a  lo an  to  f in an c e  a two and o n e -h a lf  to n  tru c k  ( th e  s iz e  most 
garbage c o l le c to r s  u se ) was about 10 p e r  c e n t .  With t h i s  f ig u re  a 
"normal" r a t e  o f r e tu r n  on garbage tru c k s  s u f f i c i e n t  to  h i r e  c a p i ta l  
was c a lc u la te d .  The reason  f o r  p ick in g  t h i s  r a t e  o f re tu rn  was t h a t  
on ly  norm al r a te s  o f  r e tu rn  a re  a v a ila b le  to  them. Q uestion s ix  asked 
th e  c o l le c to r s  to  g ive  th e  p r ic e  o f equipment when purchased  and th e  
age o f th e  equipm ent. From th e s e  f ig u re s  i t  was p o s s ib le  by the  use 
o f index  numbers to  i n f l a t e  th e  o r ig in a l  p r ic e  o f th e  equipment to  a 
1971 l e v e l  o f p r i c e s .  The index  numbers were ob ta in ed  from two 
so u rc e s ; f i r s t ,  index  numbers were c a lc u la te d  f o r  th e  p e rio d  1969 to  
1971 by ta k in g  th e  m an u fa c tu re rs ' r e t a i l  l i s t  p r ic e s  f o r  two and one- 
h a l f  to n  tru c k s  and d iv id in g  th e  p r ic e  f o r  th e  re s p e c t iv e  y ea rs  in to  
th e  1971 r e t a i l  p r i c e .  F o r th o se  y e a rs  b e fo re  1969, th e  consumer 
p r ic e  index  (CPi) f o r  a l l  goods was u sed . The index  numbers f o r  a l l  
goods was used when i t  was found th a t  th e  index  numbers f o r  new c a rs  
which were though t to  be a good proxy f o r  changes in  th e  p r ic e  o f 
t ru c k s  had been changing v e ry  l i t t l e  w hile  th e  p r ic e  of tru ck s  over 
t h i s  p e rio d  had been r i s i n g .  The index  numbers from th e  CPI were 
l in k e d  to  those  which were c a lc u la te d  from 1969 through  1971, then
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th e  o r ig in a l  p r ic e s  o f th e  tru c k s  were in f la te d  by m u ltip ly in g  th e  
in d ex  number f o r  th e  a p p ro p ria te  y e a r  tim es th e  o r ig in a l  p r ic e  of th e  
tru c k  in  t h a t  y e a r . I t  was n e c e ssa ry  to  i n f l a t e  th e  o r ig in a l  p r ic e s  
because th e  wage r a t e s  were in  c u r re n t  d o l l a r s .  I f  th e  c a p i ta l  f ig u re s  
were n o t i n f l a t e d ,  th en  th e  r e tu r n  to  c a p i ta l  would be b ia sed  downwards 
f o r  a l l  y e a rs  o th e r  th an  1971.
Because a p ro d u c tio n  fu n c tio n  a s so c ia te s  p h y s ic a l o u tp u t w ith 
i i p u t  i t  was n e c e ssa ry  to  measure c a p i ta l  and la b o r  in  p h y s ic a l u n i t s .  
Because tru c k s  w ith  and w ith o u t packers were th e  on ly  s ig n i f ic a n t  type  
o f c a p i ta l  used in  garbage c o l le c t io n ,  i t  was decided  th a t  some volume 
o f garbage c a rry in g  c a p a c ity  would be a  s u i ta b le  measure of a u n i t  of 
c a p i t a l .  The c a p a b i l i ty  o f c a rry in g  s ix te e n  cubic y a rd s of lo o se  
garbage was d e fin ed  as one u n i t  o f c a p i t a l .  Loose r a th e r  th an  com­
p a c te d  garbage was chosen because some tru c k s  d id  no t have packers 
which compress th e  garbage. S ix tee n  cubic yards was chosen because 
many garbage c o l le c to r s  use  tru c k s  which ho ld  s ix te e n  cubic yard s of 
conpressed  garbage o r  e ls e  tru c k s  t h a t  d i f f e r  by some f r a c t io n  of s ix ­
te e n  cub ic  y a rd s , th e re fo re  making c a lc u la t io n s  e a s ie r .  D iscussion  
w ith  s e v e ra l  garbage c o l le c to r s  rev e a le d  th a t  tru c k s  w ith  packers 
reduce  th e  lo o se  garbage to  2^ p e r  c en t o f i t s  form er volume. T here­
f o r e ,  a l l  m easures o f compressed garbage had to  be m u ltip lie d  by a 
f a c t o r  o f  fo u r  to  o b ta in  th e  p ro p e r number o f u n i ts  o f c a p i ta l .
Labor was m easured in  man hours p e r  week. Again, a fo r ty -h o u r  
week was assumed u n le s s  th e  q u e s tio n n a ire  s p e c if ie d  o th e rw ise .
Again, because o f  th e  n a tu re  o f  th e  p ro d u c tio n  fu n c tio n  ou tpu t 
had to  be s ta te d  in  p h y s ic a l u n i t s .  A f te r  c o n su ltin g  se v e ra l garbage
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7
c o l l e c to r s ,  th e  number o f pickup p o in ts  was s e le c te d  as th e  b a s ic  u n i t  
o f  o u tp u t. The garbage c o l le c to r s  in d ic a te d  th a t  in  th e  aggregate  
p ickup  p o in ts  were q u ite  homogeneous in  c h a ra c te r .
With th e  param eters d e fin ed  as d e sc rib e d  above, i t  was p o s s ib le  
to  b eg in  th e  f i r s t  s te p  o f th e  r e g re s s io n  a n a ly s is ,  i . e . ,  re g re ss in g  
th e  c o i t a l - l a b o r  r a t i o  on th e  w ag e-ren ta l r a t i o .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I I
DESCRIPTION OF MODEL
Economics i s  th e  s tu d y  o f cho ice; t h a t  i s ,  th e  use  o f sca rce  
re so u rc e s  to  produce goods. A p ro d u c tio n  fu n c tio n  i s  a  schedule (o r  
t a b le  o r  m athem atical eq u atio n ) showing th e  maximum amount of o u tp u t 
t h a t  can be produced from any s p e c if ie d  s e t  o f in p u ts .
In  a s in g le  case  where th e re  a re  on ly  two f a c to r s  o f produc­
t i o n ,  c a p i t a l ,  K, and la b o r ,  L, th e  p ro d u c tio n  fu n c tio n  can be w r it te n :
Q = F(K,L)
where Q i s  some o u tp u t.
A ll th e  in fo rm a tio n  we need to  know about a p ro d u c tio n  fu n c ­
t io n  can be summarized in  an iso q u a n t mapping. An iso q u a n t i s  a curve 
showing a l l  p o s s ib le  com binations o f  in p u ts  p h y s ic a l ly  capable  o f  
p ro ducing  a g iven  l e v e l  o f  o u tp u t. An iso q u a n t i s  d e fin ed  f o r  a con­
s t a n t  l e v e l  o f o u tp u t Q^:
Qo = F(K,L)
F or exam ple, in  F ig u re  1 , c a p i ta l  may be s u b s t i tu te d  f o r  la b o r  along 
th e  iso q u a n t b u t o u tp u t rem ains th e  same. Thus, th re e  machines and 
two men can produce te n  u n i ts  o f o u tp u t, o r f iv e  machines and one man 
can produce te n  u n i ts  o f o u tp u t.
The r a te  a t  which c a p i ta l  must be s u b s t i tu te d  f o r  la b o r  and 
keep o u tp u t (Qq) c o n s ta n t i s  c a l le d  th e  m arg inal r a t e  o f s u b s t i tu t io n  
(MRS).
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The iso q u an t i s  convex to  th e  o r ig in  because o f d im in ish ing  
r e tu rn s  as c o i t a l  i s  s u b s t i tu te d  f o r  la b o r .  For example, a farm er 
w ith  a la rg e  number o f machines cannot o p e ra te  them a l l  e f f i c i e n t l y .  
T h e re fo re , i t  tak e s  more c a p i ta l  to  re p la c e  each a d d itio n a l worker 
rem oved.
The choice f o r  th e  p roducer i s  to  p ic k  some q u a n ti ty  o f c a p i­
t a l  and la b o r  t h a t  w i l l  maximize h is  o u tp u t su b je c t to  t h i s  in p u t 
c o s t .
S tppose t h a t  th e  p ro d u c e r 's  t o t a l  c o s t fu n c tio n  i s  re p re se n te d  
by G = rK + wL, where r  and w a re  th e  u n i t  p r ic e s  o f K and L, re sp e c ­
t i v e l y .  Now i f  th e  p roducer wants to  maximize h i s  ou tpu t he w il l  
produce a t  th e  p o in t  where h is  i s o c o s t  curve (AB) i s  j u s t  tan g e n t to  
h i s  iso q u a n t (F ig u re  2 ) .  The is o c o s t  curve i s  d e fin ed  as a curve th a t  
shoxrs th e  v a rio u s  com binations of in p u ts  th a t  may be purchased  f o r  a 
s t ip u la te d  amount of e x p en d itu re .
F o r exairple, in  F ig u re  2 , 1%, Ig ,  and I 3 are  iso q u a n ts  re p re ­
s e n tin g  v a rio u s  le v e ls  o f o u tp u t . F i r s t  observe th a t  th e  le v e l  o f 
o u tp u t i s  no t o b ta in a b le  because th e  a v a ila b le  in p u t com binations a re  
l im ite d  to  those  ly in g  on or below  th e  i s o c o s t  curve AB. A l e s s e r  
o u tp u t, i s  i n e f f i c i e n t  because p ro d u c tio n  can be expanded a t  no 
a d d it io n a l  c o s t .  The op tim al l e v e l  o f  o u tp u t i s  th e  Ig l e v e l—th e  
le v e l  a t  which th e  iso q u a n t i s  j u s t  ta n g e n t to  th e  sp e c if ie d  is o c o s t  
c u rv e . At the  p o in t  o f tangency  th e  slope  o f th e  iso q u a n t i s  equal 
to  th e  s lo p e  of th e  i s o c o s t  curve which equals  th e  w ag e-ren ta l r a t i o ,  
th e r e f o r e ,  2  i s  equal to  th e  m arg inal r a t e  o f s u b s t i tu t io n .  At th e  
tangency  p o in t  th e  c a p i ta l - la b o r  r a t i o n ,  i s  given by the  slope  of
Jj
th e  ra y  from th e  o r ig in ,  OCD.
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P ro d u c tio n  fu n c tio n  a n a ly s is  and e s tim a tio n  have c o n s is te d  o f 
choosing smong a v a ila b le  a lg e b ra ic  form s to  e x p la in  th e  r e la t io n s h ip  
betw een in p u ts  and o u tp u ts . P r o f i t  m axim ization suggests  an a l te r n a ­
t i v e  form  f o r  id e n t i fy in g  th e  p ro d u c tio n  fu n c t io n s . With com petitive  
f a c to r  m arkets p roducers choose a c a p i ta l - la b o r  r a t i o  f o r  each wage- 
r e n t a l  r a t i o  p re se n te d  to  them. In  F ig u re  3 th e  ray s  drawn from th e  
o r ig in  re p re s e n t  th e  c a p i ta l - la b o r  r a t i o s  chosen by p ro d u c e rs . There 
i s  a  d i f f e r e n t  ra y  f o r  each tangency p o in t .  We know th a t  a t  th e  ta n ­
gency p o in ts  MRS = now i f  we w r i te
(1 ) MRS = Æ
where = g en era l fu n c t io n a l  n o ta t io n  and i s  th e  s lo p e  a t  th e  p o in t
dL
of tangency  th e  iso q u a n t i s  d e fin e d  o f ^ (&).
Solving th e  d i f f e r e n t i a l  equation  ( l )  im p l i c i t ly  y ie ld s  th e  
e q u a tio n  o f an iso q u a n t o f some p ro d u c tio n  fu n c tio n . I f  th e  iso q u a n t 
i s  m u lt ip l ie d  by an a r b i t r a r y  s c a la r  th e  r e s u l t  i s  a homogeneous p ro ­
d u c tio n  fu n c tio n  Z:
(2 )  Z = g(K,L)
Any m onotonie tra n s fo rm a tio n  of ( 2 ) w i l l  a lso  in c lu d e  th e  o r ig in a l  
iso q u a n t s o lu t io n  to  ( l ) . Thus th e  g e n e ra l p ro d u c tio n  fu n c tio n  may­
be w r i t te n  as
(3) Y = F(Z) = F [g (K ,L )] .
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The advantage of t h i s  fu n c tio n  i s  t h a t  th e  a d d it io n a l  F t r a n s ­
fo rm a tio n  changes the  eq u atio n  so t h a t  th e  fu n c tio n  need no lo n g er be 
l i n e a r  homogeneous. The new p ro d u c tio n  fu n c tio n  i s  c a l le d  a homo­
t h e t i c  iso q u a n t p ro d u c tio n  fu n c t io n . The d if fe re n c e  from th e  l in e a r  
homogeneous fu n c tio n  can be seen in  F igu re  L .
O bviously , a l i n e a r  homogeneous p ro d u c tio n  fu n c tio n  would n o t 
y ie ld  th e  iso q u a n t p a t t e r n  in  F ig u re  L because th e  iso q u a n ts  a re  n o t 
e q u id is ta n t  from each o th e r .  W ith th e  hom othetic fu n c tio n  a l l  t h a t  i s  
re q u ire d  i s  th a t  th e  slope  of each iso q u an t be id e n t i c a l  a t  th e  i n t e r ­
s e c t io n  w ith  th e  ra y  drawn from th e  o r ig in .  The im p lic a tio n  o f th e  
iso q u a n t map i s  t h a t  th e  r e tu rn s  to  sc a le  i s  a v a r ia b le  r e la te d  to  
o u tp u t .
The o n ly  assum ptions on and F are th a t  th ey  be monotonie a l ly  
in c re a s in g .
S . Clemhout^ has dev ised  a method whereby Z can be e x p l i c i t ly  
so lved  f o r .  Using eq u a tio n  ( l )  th e  p rocedure  i s  as fo llo w s:
a) g (x) -  x g '( x )  = (x ) = -  ( a z /3 L y / )Z/AK)
b) -  X = Y  W
g (x )
Then l e t
^S . Clemhout, "The C lass of Homothetic Iso q u a n t P roduction  
F u n c tio n s ,"  The Review o f Economic S tu d ie s , XIV (Jan u ary , 1966), 91- 
103.
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which has a s o lu tio n  
d )  2  .
In  o rd e r  to  be  ab le  to  o b ta in  a s o lu tio n  fo r  Z, ^(x)  must be chosen 
so t h a t  (|) (x) can be in te g ra te d  in  c lo sed  form . S a tis fy in g  t h i s  c r i ­
t e r io n  g u a ran tee s  an e x p l i c i t  s o lu tio n  fo r  Z.
F ollow ing a re  th e  ^ ( x )  form s Wiich a llow  Z to  be in te g ra te d  
in  c lo sed  form and a d isc u ss io n  o f th e  f i n a l  Z form s.
A. L in e a r case
(x) = a + bx 1
Z = [ ( 1  + b )  K lf + 
b must be g re a te r  than  zero
B. Log l in e a r
Log 4^(x) = a + b  lo g  X
Z = L
b  = 0
C. Squared independen t v a r ia b le s  
y / (x) = a  + cx^
p
y / (x ) = a + bx + cx
7 ( KL^-/^ -  gL
K -  hL
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D. R ecip roca l tra jis fo rm a tio n  
'f ' (x ) = a + ~
Z * L
X
IIX + ax +
+ è  -  y~b+a2 
ÏÏ
X + -  y  - b + a ^
t r
z /-b + a^
G"
The fo l lc w irg  e s tim a tio n  p rocedure  was one d e riv ed  by B. Wolko-
2
w itz . E stim a tio n  o f th e  p ro d u c tio n  fu n c tio n  i s  by a two s te p  a rrange­
m ent. M ith th e  assum ption made a t  th e  o u ts e t  about c o n p e tit io n  in  th e  
f a c to r  m arkets we m easure th e  m arg inal r a t e  of f a c to r  s u b s t i tu t io n  by 
th e  wage r a t e  d iv id ed  by th e  r e tu r n  to  c a p i ta l .  Then th e  c a p i ta l - la b o r  
r a t i o  i s  reg re ssed  a g a in s t  the  m arg inal r a t e  o f s u b s t i tu t io n  v ia  th e  
p rede term ined  forms f o r  (x ) .  The form w ith  th e  h ig h e s t w i l l  be 
s u b s t i tu te d  in to  th e  eq u atio n
and t h i s  w i l l  y ie ld  an e x p l i c i t  s o lu t io n  f o r  Z which can be re fe r re d  
to  as c a lc u la te d  o u tp u t. In  th e  second s te p  th e  em p irica l d a ta  are  used 
and c a lc u la te d  o u tp u t i s  re g re sse d  a g a in s t observed o u tp u t v ia  th e  F 
fu n c t io n . The r e s u l t  i s  a n  e x p l i c i t  Z and F fu n c tio n  which determ ine 
an e x p l i c i t  p ro d u c tio n  fu n c tio n .
T = F [g(K ,L )] = F (Z ).
Benjamin W olkowitz, On Homogeneous and Homothetic P roduction  
F u n c tio n s , A R eport to  th e  Econom etric S o c ie ty , New York, December 28, 
1969, p p . 16-17.
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CHAPTER IV
ANALÎSIS OF THE DATA
The purpose o f t h i s  s e c tio n  i s  to  e x p la in  th e  econom etric - 
methods used in  t e s t in g  th e  (x) fu n c tio n s  and to  d e sc rib e  th e  p ro ­
cedure f o r  e s tim a tin g  a hom othetic  p ro d u c tio n  fu n c tio n .
To t e s t  f o r  th e  b e s t  r e la t io n s h ip  between th e  w ag e-ren ta l 
r a t i o ,  ~  , and th e  c a p i ta l - la b o r  r a t i o ,  & , a stepw ise  l in e a r  r e g re s ­
s io n  form was u se d . In  t h i s  form th e re  i s  a  s in g le  dependent v a r ia b le ,  
~  . A stepw ise  method of m a tr ix  in v e rs io n  i s  used so th a t  a t  each 
i t e r a t i o n  th e  program s e le c ts  th e  p a r t i c u l a r  independent v a r ia b le  to  
add th a t  w i l l  cause th e  g r e a te s t  re d u c tio n  in  th e  unexplained  v a rian ce  
o f th e  dependent v a r ia b le .  T h is  p ro ce ss  i s  rep ea ted  f o r  each of th e  
a l t e r n a te  fu n c t io n a l  fo rm s, e . g . ,  l i n e a r ,  q u a d ra tic , squared indepen­
d e n t v a r ia b le ,  lo g  l i n e a r ,  and r e c ip ro c a l  tra n s fo rm a tio n s .
The purpose o f th e  s tep w ise  p rocedure i s  to  a u to m a tica lly  
s e l e c t  a su b se t of th e  independen t v a r ia b le s  such th a t  t h e i r  a s so c ia te d  
c o e f f ic ie n ts  w il l  be s t a t i s t i c a l l y  s ig n i f ic a n t  a t  some p re s e le c te d  
l e v e l  o f  s ig n i f ic a n c e .  In  t h i s  p a r t i c u l a r  a p p lic a t io n  and co n sid erin g  
one v a r ia b le  a t  a t im e , th e  T random v a r ia b le  i s  e q u iv a le n t to  t/ÈT 
The a c tu a l  le v e l  o f s ig n if ic a n c e  a s so c ia te d  w ith  a c r i t i c a l  
v a lu e  o f  T o r F depends a lso  on th e  degrees o f freedom (DF) which, in  
t u r n ,  i s  equal to  th e  number of o b se rv a tio n s  minus th e  number o f p a ra ­
m eters  e s tim a te d .
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A t e s t  i s  made a t  each i t e r a t i o n  so t h a t  no independent v a r i ­
ab le  i s  s e le c te d  f o r  in c lu s io n  i f  i t s  d iag o n a l elem ent in  th e  c o r r e la ­
t io n  m a tr ix  i s  sm a lle r  th an  0 .0 0 1 . T his va lue  iitç ilie s  a very  high 
deg ree  o f m u ltip le  c o r r e la t io n  between th e  v a r ia b le  in  q u estio n  and 
th e  a lre a d y  in c lu d ed  independen t v a r ia b le ,  t h a t  i s ,  an g re a te r  
th an  0 . 999 .
Now i f  th e  c o r r e la t io n  c o e f f ic ie n t  had shown more than  one o f 
th e  fu n c t io n a l  forms to  be s ig n i f i c a n t ,  th en  th e re  must be some method 
o f  choosing which form i s  " b e s t ."  T hat i s ,  th e re  must be some method 
o f t e s t i n g  f o r  th e  s p e c i f ic a t io n  e r r o r .  The Runs t e s t  f o r  s e r i a l  
c o r r e la t io n  i s  used as a t e s t  f o r  s p e c i f ic a t io n  e r r o r .
2
F or exanp le , i f  we had two fu n c tio n s  ^  (x) = a(L) + b (^ )  and
Ij l
Y' (x ) = a(K^^ and b o th  had c o r r e la t io n  c o e f f ic ie n ts  t h a t  were n e a r ly
Xi
th e  same, b u t th e  form er was th e  fu n c tio n  which was c o r r e c t ,  th en  we 
can dem onstra te  t h a t  th e  Runs t e s t  would a llow  us to  choose th a t  fu n c ­
t i o n ,  The n a tu re  o f  th e  c r i t e r i o n  f o r  choosing th e  c o r re c t  fu n c tio n  
i s  b e s t  ex p la in ed  by re fe re n c e  to  F ig u re  i n  which a s t r a ig h t  l in e  
h as been f i t t e d  to  a number o f  p o in ts .  The l in e  i n  F ig u re  ^ i s  th e
re g re s s io n  l in e  f o r  H^(x) = a (D ^  + b ( ^ ) .  The re g re s s io n  a n a ly s is
L L
re q u ire s  t h a t  th e  r e s id u a ls  be randomly d i s t r ib u te d  w ith  a zero  mean.
2
Then i t  i s  obvious t h a t  th e  r e g re s s io n  l in e  f o r  Y^(x) * a(H) would be
L
b ia s e d  s in c e  i t s  e r r o r  term  d i f f e r s  from th a t  o f  the  c o r re c t  fu n c tio n
by b (^ )  which le a d s  to  a c o n s is te n t  e r r o r  in  th e  r e s id u a ls  as in  
X i
F ig u re  6, A ccord ing ly , th e  Runs t e s t  i s  used as a t e s t  f o r  s e r i a l  
c o r r e la t io n  and th e  fu n c tio n  w ith  th e  lo w est s e r i a l  c o r r e la t io n  w il l  
be  chosen as " b e s t ."
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The t e s t  would th en  be as fo llo w s: L et th e re  be N o b se rv a tio n s.
Count th e  number o f a d ja c e n t r e s id u a ls  which a re  o f th e  same sign  and 
l e t  th e  v a lu e  be R ( f o r  Run). Next count th e  number o f ad jacen t r e s i ­
d u a ls  v h ich  a re  o f o p p o s ite  s ig n ; l e t  t h i s  number be C ( f o r  C ross). 
S ince  a d ja c e n t r e s id u a ls  must be o f th e  same o r o p p o site  s ig n  i t  wi l l  
o f cou rse  be t r u e  t h a t  R + C = N -  1 .  An in d ic a t io n  o f f i r s t - o r d e r  
s e r i a l  c o r r e la t io n  i s  th en  g iven  by (R -  C)(N -  1 ) .
Having decided  on th e  c o r re c t  ^  fu n c tio n , t h i s  would have 
im p lied  some Z fu n c tio n  which would y ie ld  c a lc u la te d  o u tp u t. Calcu­
l a t e d  o u tp u t would th en  have been re g re sse d  on a c tu a l ou tpu t u sin g  
th e  v a r io u s  F t ra n s fo rm a tio n s . A gain, the  Runs t e s t  would have been 
used to  choose th e  b e s t  F(Z) form , and t h i s  fonn would be th e  e x p l i c i t  
hom othetic  iso q u a n t p ro d u c tio n  fu n c tio n .
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TABLE 1
REGRESSION RESULTS FOR CAPITAL ON OUTPUT, LABOR ON OUTPUT AND LABOR ON CAPITAL
FOR THE PUBLIC AND PRIVATE SECTORSO3
O
R egression
Equations
No.
O bserva tions
R
Squared
C onstant
Term C o e ff ic ie n t
S tandard
E rro r
T
R atio
Q = a + bK 19 .985
PUBLIC
- 1200.120 I4U8 .IU9 13.099 3 k .210
Q = a + bL 19 .861 - 83I4.323 161 . L26 15.671 10.300
K = a + bL 19 .871 0 . 8ii6 0 . 3U0 0.033 10.755
Q = a + bK 8 .916
PRIVATE
-758.159 268 .U32 33.136 8.100
Q -  a + bL 8 .65)4 -U81.857 110 . IU6 32.692 3.369
K = a + bL 8 .817 O.I4I 9 O.U39 0.085 5.186
ro
CHA.PTER V
CONCLUSION
The r e s u l t s  o f th e  re g re s s io n  a n a ly s is  in  th e  f i r s t  s te p  of 
th e  hom othetic  p ro c e ss  can be found in  Table 2 , p . 3 6 . None o f th e  
r e g re s s io n  eq u a tio n s  in  Table 2 were found to  be s ig n i f ic a n t ,  th e re ­
fo re  th e r e  was no reaso n  to  b eg in  th e  second s te p  o f  th e  hom othetic 
p ro c e s s .
S ince th e  hom othetic  p ro c e ss  broke down, c a p i ta l  and la b o r  
were re g re sse d  on o u tp u t to  see i f  th e re  m ight be f ix e d  p ro p o rtio n s  
i n  th e  p ro d u c tio n  p ro c e ss  o r  i n s u f f i c i e n t  v a r ia t io n  in  th e  d a ta .
A lso , la b o r  was re g re s s e d  on c a p i ta l  as a  second check to  see  i f  th e  
c a p i ta l - la b o r  r a t i o  was a  c o n s ta n t ,  in  which case i t  would be impos­
s i b l e  to  g e t an iso q u a n t because  th e re  would on ly  be an o u tp u t s e r ie s  
a long  a c o n s tan t c a p i ta l - la b o r  r a t i o  ra y .
A ll  o f  th e  above re g re s s io n s  were found to  be s ig n i f ic a n t  a t  
th e  95 p e r  c e n t l e v e l  of confidence  (see  Table 1 ) .  The r e s u l t s  o f 
th e  re g re s s io n  a n a ly s is  im ply a L e o n tie f  p ro d u c tio n  fu n c tio n  which i s  
w r i t te n  fo rm a lly  as:
Q = min(o<Lj ^K )
The L e o n tie f  fu n c tio n  has f ix e d  p ro p o r tio n s  o f  c a p i ta l  and la b o r  and 
e x p la in s  why th e  hom othetic  p ro c e ss  broke down in  th e  f i r s t  s te p .
T es ts  were run  to  see  i f  th e  c o n s ta n t c o e f f ic ie n ts  in  th e  
above re g re s s io n s  were s ig n i f i c a n t ly  d i f f e r e n t  from zero . The on ly
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re g re s s io n  equation  x â th  a c o n s ta n t c o e f f ic ie n t  s ig n i f ic a n t ly  d i f f e r ­
e n t from zero was c a p i ta l  re g re sse d  on o u tp u t in  th e  p u b lic  s e c to r .
When c a p i ta l  was re g re sse d  on o u tp u t f o r  bo th  se c to rs  i t  was 
found t h a t  th e  slope  o f th e  re g re s s io n  l i n e  f o r  th e  p u b lic  s e c to r  was 
g r e a te r  t h a i  th e  s lo p e  of th e  re g re s s io n  l in e  fo r  th e  p r iv a te  s e c to r  
(F ig u re  7 ) .  T h is im p lie s  t h a t  c a p i ta l  i s  used more e f f i c i e n t l y  f o r  
garbage c o l le c t io n  in  th e  p u b lic  s e c to r  th an  in  th e  p r iv a te  s e c to r .
As can be seen in  F ig u re  7 , th e  re g re s s io n  l i n e  f o r  p u b lic  
garbage c o l le c to r s  has a n e g a tiv e  in te r c e p t  which in d ic a te s  t h a t  some 
f ix e d  amount o f c a p i ta l  i s  n e ce ssa ry  a t  zero o u tp u t. T h ere fo re , a l ­
though th e  p u b lic  s e c to r  has th e  advantage in d ic a te d  by th e  h ig h e r 
s lo p e , th e  p r iv a te  s e c to r  may have an advantage over some range of 
o u tp u t because o f th e  f ix e d  amount o f  c a p i ta l  req u ire d  in  th e  p u b lic  
s e c to r .  I t  can a lso  be seen  from F ig u re  7 t h a t  c a p i ta l  i s  e q u a lly  
e f f i c i e n t  in  bo th  s e c to rs  a t  th e  p o in t  vhere th e  two re g re s s io n  l in e s  
c ro s s ,  e . g . ,  6 .72 u n i ts  o f  c a p i ta l  and 1 ,803 u n i ts  of o u tp u t. Both 
th e s e  f ig u re s  a re  n e a r  th e  median f o r  th e  c a p i ta l  and o u tp u t d a ta  f o r  
b o th  s e c to r s .  T h is may iirp ly  t h a t  b o th  th e  p r iv a te  and p u b lic  s e c to rs  
a re  o p e ra tin g  on th e  average n e a r  th e  range where th ey  a re  e q u a lly  
e f f i c i e n t .
When la b o r  was re g re sse d  on o u tp u t i t  was again  found th a t  th e  
s lo p e  o f th e  re g re s s io n  l i n e  f o r  th e  p u b lic  s e c to r  was g r e a te r ,  i i tp ly -  
in g  t h a t  la b o r  i s  used more e f f i c i e n t l y  f o r  p u b lic  garbage c o l le c t io n  
th an  f o r  p r iv a te  (se e  F ig u re  8 ) ,  A p o s s ib le  e x p la n a tio n  f o r  t h i s  i s  
th a t  p u b lic  c o l le c to r s  do n o t fa c e  com petition  f o r  custom ers, th e r e ­
fo re  th e  d e n s ity  o f t h e i r  pickup p o in ts  i s  g r e a te r .  T his would a llow
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them to  l e t  a man walk behind th e  garbage tru c k  from house to  house 
and would in c re a se  th e  r a t e  a t  which garbage could be c o lle c te d .
S ince  th e  p r iv a te  s e c to r  has a r e l a t i v e  advantage over some 
range  o f  c a p i ta l  u se  and an a b so lu te  d isadvan tage  over a l l  ranges o f 
l a b o r  u se , th e  p r iv a te  s e c to r  w i l l  be more e f f i c i e n t  ( i . e . ,  a  low er 
p e r  u n i t  c o s t)  on ly  over some range o f o u tp u ts . T his range w il l  
depend on th e  p r ic e  o f  la b o r  and c a p i ta l  faced  by th e  garbage c o l­
l e c t i n g  f irm . As a check to  see  i f  som ething could  be sa id  about 
th e  r e l a t i v e  e f f ic ie n c y  o f e i t h e r  s e c to r ,  ou tpu t was c a lc u la te d  u s in g  
th e  "w orst" and "b e s t"  p o s s ib le  s i tu a t io n s  f o r  each s e c to r .  The b e s t  
s i t u a t i o n  f o r  th e  p r iv a te  s e c to r  would be when th e  wage r a te  was a t  
i t s  minimum and th e  r e n t a l  r a t e  was a t  i t s  maximum. Thus th ey  a re  
m inim izing  th e  c o s t  o f  t h e i r  a b so lu te  d isadvan tage  in  la b o r  w hile  
g e t t in g  th e  maximum c o s t advantage from t h e i r  r e l a t i v e  advantage in  
c a p i ta l  u se . The w o rs t p o s s ib le  s i tu a t io n  f o r  th e  p r iv a te  s e c to r  i s  
th e  re v e rs e  ( i . e . ,  when th e  wage r a t e  i s  a t  i t s  maximum and th e  r e n ta l  
r a t e  i s  a t  i t s  minimum). The o p p o s ite  i s  t r u e  f o r  th e  p u b lic  s e c to r .  
I n  th e  p r iv a te  s e c to r ,  under th e  b e s t  c o n d itio n s , u sing  a wage r a t e  
o f $ 2 .^0  and a  r e n ta l  r a t e  o f  $308 .98 , o u tp u t was 1 ,7 7 2 . Under th e  
w o rs t p o s s ib le  c o n d itio n s  in  th e  p r iv a te  s e c to r  u s in g  a wage r a t e  o f 
$ 3 .7 ^  and a r e n ta l  r a t e  o f $16 .30 , o u tp u t was 1 ,2$L . In  th e  p u b lic  
s e c to r  under th e  b e s t  c o n d itio n s  u sing  a wage r a t e  o f $3.76 and a 
r e n t a l  r a t e  o f $5.11i, o u tp u t was 695. Under th e  w orst co n d itio n s  in  
th e  p u b lic  s e c to r  u sing  a wage r a t e  o f $2 .05  and a r e n ta l  r a te  of 
$ 319 . OU, o u tp u t was 1755 .
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Looking a t  th e  o u tp u t f ig u re s  f o r  th e  in d iv id u a l garbage 
c o l le c to r s  in  th e  p r iv a te  s e c to r  shows t h a t  only  2$ p e r  cen t o f th e  
garbage c o l le c to r s  a re  o p e ra tin g  beyond th e  range o f th e  b reak-even  
p o in t  under th e  w orst p o s s ib le  c o n d itio n s  and only  12 p e r  cen t a re  
o p e ra tin g  beyond th e  b reak -even  p o in t  under th e  b e s t  p o s s ib le  condi­
t i o n s .  In  th e  p u b lic  s e c to r ,  22 p e r  c en t of th e  c o l le c to r s  a re  
o p e ra tin g  benea th  th e  b reak -even  p o in t  under th e  w orst p o s s ib le  con­
d i t io n s  and 63 p e r  c e n t a re  o p e ra tin g  benea th  t h e i r  b reak-even  p o in t  
under th e  b e s t  p o s s ib le  c o n d itio n s .
The o u tp u t f ig u re s  c i te d  would in d ic a te  t h a t ,  in  g e n e ra l, 
p r iv a te  garbage c o l le c to r s  in  th e  s t a t e  o f Montana o p e ra te  in  t h e i r  
e f f i c i e n t  ranges more o f te n  th an  c o l le c to r s  in  th e  p u b lic  s e c to r ,  
e s p e c ia l ly  ^ e n  th e  c o n d itio n s  a re  op tim al f o r  c o l le c to r s  in  bo th  
s e c t o r s .
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APPENDIX A
Departm ent o f Economics 
U n iv e rs ity  o f Montana 
M issou la , Montana 59Ô01
GARBAGE COLLECTION STUDY
As a  g rad u a te  a s s i s t a n t  in  th e  Department of Economics a t  th e  
U n iv e rs ity  o f Montana, I  am doing re se a rc h  on p u b lic  s e rv ic e s .  Gar­
bage c o l le c t io n  i s  a  p u b lic  s e rv ic e  and som ething which we know l i t t l e  
a b o u t.
Sending o u t q u e s tio n n a ire s  i s  th e  on ly  way we have o f o b ta in in g  
d a ta  on garbage c o l le c t io n  so your response  i s  ve ry  im portan t to  th e  
r e s e a rc h .
I  would a p p re c ia te  i t  v e ry  much i f  you would spend a few m inutes 
f i l l i n g  ou t th e  q u e s tio n n a ire  and m ailing  i t  back in  th e  se lf-a d d re s se d  
envelope .
S in c e re ly  yo u rs ,
/ s /  BILL PIER
B i l l  P ie r
We r e a l i z e  t h a t  e x ac t answers to  some o f th e  q u estio n s  may n o t be 
p o s s ib le .  In  th e s e  c a se s , could  you p le a se  g ive  your b e s t  e s t im a te ,
1 .  One measure o f th e  work invo lved  in  garbage c o l le c t io n  i s  th e  
number of p la c e s  (homes, b u s in e s s , e t c . )  from which garbage must be 
p ick ed  u p . At how many such p la c e s  does your departm ent have to  
c o l l e c t  garbage?
2 . How many tim es p e r  week do you c o l l e c t  garbage from a given p ic k ­
up p o in t?
3 . Do you re q u ire  p eo p le  to  p u t  t h e i r  garbage in  any p a r t i c u l a r  p la c e  
b e fo re  you w il l  p ic k  i t  up? YES  NO .
I f  YES, Where?
T hinking about th e  number o f  workers your departm ent employs, men 
to  p ic k  up th e  garbage and d r iv e  th e  t ru c k s ,  as w e ll as su p e rv iso rs  
and s e c r e ta r ie s  t h a t  m%r be re q u ire d ,
how many f u l l  tim e workers does your departm ent employ to  p ic k  up 
garbage and h au l i t ?
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on th e  average , how much a re  th e y  p a id  p e r  week?
Do th e s e  workers have any d u t ie s  o th e r  than  p ick in g  up garbage and 
h a u lin g  i t  to  th e  donç»? (An example of some o th e r  du ty  would be bu ry ­
in g  garbage a t  a  l a n d - f i l l  dunp .) YES  NO ,
I f  YES, would you p le a se  l i s t  them in  th e  fo llo w in g  b lan k s :
What a re  How many men What i s  th e  average number
th e s e  d u tie s ?  have t h i s  duty? o f hours p e r  week each of
th e se  men works a t  th e se  
d u tie s?
5 . Are th e r e  any p e o p le , in c lu d in g  you, who su p e rv ise  th e  garbage 
c o l le c t io n ?  YES  NO .
I f  YES, how many?
How m aiy hours p e r  week does each spend su p e rv is in g  garbage c o lle c t io n ?
What i s  th e  average weekly s a la r y  of th e se  su p e rv iso rs?
6 . Do you have any o th e r  enployees ( fo r  example, s e c re ta ry ,  m ain tenance) 
connected  w ith  garbage c o lle c t io n ?  YES NO_____ .
I f  YES, would you p le a s e  l i s t  them i n  th e  fo llow ing  b lan k s :
How many hours p e r  week 
What does does h is  work p e r ta in  to  What i s  h is  a v e r-
êâcF  do? garbage c o lle c t io n ?  age weekly wage?
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7 . P ick in g  tp  garbage and h au lin g  i t  to  a dump re q u ire s  equipment 
such as t ru c k s .  Below, would you p le a se  l i s t  th e  garbage c o lle c t in g  
and h a u lin g  equipment o f your departm ent which has a va lue  g re a te r  
th an  $ 1 ,000 . (Exclude any equipment used f o r  m ain ta in in g  a dump.)
How many more Approximate
Number of y e a rs  do you c o s t  o f equip-
Type o f Equipment y e a rs  o ld  e s tim a te  equ ip - ment when
ment w i l l  l a s t ?  a cq u ired .
E stim ated  t o t a l  v a lu e  o f o th e r  equipment
$
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REGRESSION RESULTS FOR THE VARIOUS FUNCTIONAL FORMS USED IN THE FIRST STEP 
OF THE HOMOTHETIC PROCESS FOR THE PUBLIC AND PRIVATE SECTORS
R egression
Equations
No.
O bservations
R
Squared
C onstant
Term C o e ff ic ie n t
S tandard
E rro r
T
R atio
(O'
Z
i PUBLIC3CD
T|
Y (x) = a + bx 19 0.012 0.1b6 - 0.090 0.111 -o.b99
Cp.3"CD lo g  y/(x) = a + b lo g  X 19 0.003 -2.917 -0 .12b 0.921 - 0.239
i■o
o
Y (x) “
2
a + bx 19 0.026 0.137 - 0.096 0 .08b -0 .67b
o_c
a M'(x) =
p
a + bx ex 19 0.066 0.027 -0.3b9 0.361 - 0.966
3
■o Y(x) = a + ^ 19 0 .00b 1 3 .b82 9.8bb 20.999 0 . 28bO3" X
CT
&
g PRIVATE
go
a Y (x) = a + bx 8 O.OUb 0.067 0.099 0 .10b 0.92b
%
3 lo g  if'(x) = a + b  lo g  X 8 0.009 -2 ,932 0.191 0.820 0.233(/)'(/)o'3 V^(x) =
2a + bx 8 0.0U3 0.082 O.Obb 0.08b 0.920
Y(x) =
p
a + bx + ex 8 o.obb 0.071 0.013 o.bb9 0.029
f ( x )  = a + k  
X
8 0 . 00b 28.399 -7 .996 b7.990 - 0.199
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TABLE 3
A LIST OF THE DATA USED IN THE FIRST STEP OF THE 
HOMOTHETIC PROCESS FOR THE PUBLIC SECTOR
H ourly
Wage
Rate
R ental Rate 
in  Hundreds 
o f D o lla rs
Wage-
Rental
R atio
U nits
o f
C ap ita l
Man-Hours o f  
Labor in  
Tenths o f  Hours
C a p ita l-
Labor
R atio
N o  .  o f
Garbage
Pick-up
P oin ts
$ 2 . 7 2 $ 1 9 , 0 1 0 . 1 1 i 3 l i . o o 1 2 . 0 0.333 691
3 , 5 0 8 3 . 9 2 0 . 0 l i 2 1 2 . 7 5 2 l i , 0 0.531 2 , 8 k O
3 . U U 9 9 . 9 3 O . O 3I1 2 2 . 0 0 9 6 . 0 0 . 2 2 9 8 , 7 0 0
3 , 0 3 5 3 , 2 8 0.057 6 .50 1 2 . 0 0 . 5 L 2 1 , 6 5 0
3 , 5 0 2 8 . 3 3 0 . 1 2 1 3,00 l i . O 0.750 600
3 . 1 2 l i 2 . l L O . O 7I1 l i . o o 8 . 0 0.500 8 5 0
3 , 1 2 1 0 . 8 6 0 . 2 8 7 11.25 1 2 . 0 0 . 3 5 k 6 2 7
3 , 7 6 3 1 9 . Oi l 0 . 0 1 2 59,50 132.0 0 . U 5 1 2 6 , 0 0 0
2 . 0 5 5 , i L 0.399 l l , 2 5 8 . 0 0.531 500
3 , 1 2 3 2 . 6 0 0 . 0 9 6 l i , 0 0 8 . 0 0.500 k o o
2 . 2 7 6 L . 5 6 0.035 9 , 0 0 8 . 0 1.130 1 , 9 0 0
3 , 1 2 3 2 . 5 3 0 . 0 9 6 8 . 0 0 2 0 . 0 o . k o o 2,500
2 . 5 0 1 3 . 3 9 0.187 3,00 8 . 0 0.375 1 , 1 0 0
3 . 1 2 1 6 . 0 6 O . I 9I1 5 ,50 8 . 0 0.688 6 0 0
2 . 1 9 2 8 . 3 2 0 . 0 7 7 2,50 8 . 0 0.313 300
3 . 1 2 L 9 . 3 6 0.063 l i . o o 6 . 0 0.667 750
3 , 2 7 6 7 . 0 5 0 . 0 l i 9 1 2 . 0 0 I18. O 0.250 3 , 0 0 0
3 , 2 5 1 6 . I l l 0 . 2 0 1 l i . o o 1 2 . 0 0,333 1,500
3 , 5 0 2 U . 7 8 o . l l i l I t , 2 5 1 2 . 0 0 . 3 5 k 1 ,636
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TABLE U
A LIST OF THE DATA USED IN THE FIRST STEP OF THE 
HOMOTHETIC PROCESS FOR THE PRIVATE SECTOR
H ourly R ental Rate Wage- U nits Man-Hours C apital- 
Wage in  Hundreds R ental o f  o f Labor in  Labor
Rate o f D o lla rs  R atio C ap ita l Tenths o f  Hours Ratio
No. o f  
Garbage 
Pick-up  
P oin ts
$ 3 . 7 5 $ 2 0 . 1 8 0 . 1 8 3 6 . 5 8 . 0 0 . 8 1 2 1 , 2 0 0
3 . 1 2 1 6 . 3 0 0 . 1 9 1 3 . 0 7 . 0 0 . 4 2 8 2 0 0
3 . 3 7 3 2 . 7 6 0 . 1 0 3 8 . 0 2 4 . 0 0 . 3 3 0 1 , 4 0 0
3 . 7 5 3 5 . 9 0 0 . 1 0 4 4 . 0 4 . 0 1 . 0 0 0 8 7 0
2 . 7 5 1 2 U . 0 7 0 . 0 2 2 1 2 . 0 2 0 . 0 0 . 6 0 0 1 , 0 0 0
2 . 5 0 2 2 . 4 8 0 . 1 1 1 1 . 5 3 . 0 0 . 5 0 0 2 0 0
3 . U 0 3 0 8 . 9 8 0 . 0 1 1 3 4 . 0 6 4 . 0 0 . 5 3 0 9 , 0 0 0
3 . 2 5 5 9 . 8 2 0 . 0 5 4 9 . 0 4 0 . 0 0 . 2 0 0 5 0 0
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